We present the extensive follow-up campaign on the afterglow of GRB 110715A at 17 different wavelengths, from X-ray to radio bands, starting 81 seconds after the burst and extending up to 74 days later. We performed for the first time a GRB afterglow observation with the ALMA observatory. We find that the afterglow of GRB 110715A is very bright at optical and radio wavelengths. We use optical and near infrared spectroscopy to provide further information about the progenitor's environment and its host galaxy. The spectrum shows weak absorption features at a redshift z = 0.8225, which reveal a host galaxy environment with low ionization, column density and dynamical activity. Late deep imaging shows a very faint galaxy, consistent with the spectroscopic results. The broadband afterglow emission is modelled with synchrotron radiation using a numerical algorithm and we determine the best fit parameters using Bayesian inference in order to constrain the physical parameters of the jet and the medium in which the relativistic shock propagates. We fitted our data with a variety of models, including different density profiles and energy injections. Although the general behaviour can be roughly described by these models, none of them are able to fully explain all data points simultaneously. GRB 110715A shows the complexity of reproducing extensive multi-wavelength broadband afterglow observations, and the need of good sampling in wavelength and time and more complex models to accurately constrain the physics of GRB afterglows.
INTRODUCTION
Gamma-ray bursts (GRBs, Klebesadel et al. 1973) are the most violent explosions in the Universe. They are characterized by a short flash of gamma-ray photons followed by a long lasting afterglow that can be observed at all wave-lengths. They can be classified into two types based on the duration (and the hardness) of their γ-emission: short and long GRBs (T 90 < 2 s (hard spectrum) and T 90 > 2 s (soft spectrum) respectively; Kouveliotou et al. 1993) . Currently, the most favored model to explain the origin of GRBs is a highly magnetized relativistic jet, but more prompt polarimetric observations are needed in order to confirm this (Mundell et al. 2013; Kopač et al. 2015) . The prompt emission likely originates from either internal shocks in the photosphere of the jet or magnetic dissipation in a magnetically dominated jet (see Zhang & Yan 2011; Zheng et al. 2012 , and references therein). The afterglow emission, however, is thought to originate from external shocks caused by the jet's interaction with the interstellar medium (ISM). Multiwavelength emission is expected to be produced by a forward shock moving into the ISM and a reverse shock moving into the expanding jet (Mészáros & Rees 1993; Sari et al. 1998 Sari et al. , 1999 . The reverse shock is supposed to be short lived, with most of the afterglow emission being generated by the forward shock.
The electrons accelerated at the shock fronts emit synchrotron radiation as they interact with the magnetic field behind the shock fronts. By modeling this emission we can determine the physical parameters of the GRB ejecta and the structure of the ISM near the progenitor along the line of sight to Earth. The most popular way to extract the parameters is by using an analytical model for the expected shape of the afterglow light curves and spectrum (Rhoads 1997; Sari et al. 1998; Wijers & Galama 1999) . The emission is split into regions in time and wavelength, where the resulting light curve and spectrum can be approximated by power laws. The slopes of these segments along with the location of the spectral breaks are then used to determine the physical parameters. An alternative method is to model the emission using a numerical code that takes as input the physical parameters of interest (Panaitescu & Kumar 2002; Jóhannesson et al. 2006) . In addition to requiring fewer approximations, the numerical models allow us to study a more complex structure for the ISM and the GRB ejecta and is therefore our method of choice for this study.
To properly determine the physical properties of the GRB ejecta a wide range of accurate multi-wavelength observations are needed with as good time coverage as possible. The millimetre/sub-millimetre range is of crucial importance in constraining the afterglow models as it is where the flux density of the emission peaks during the first few days after the GRB onset. In this range the capabilities of the new ALMA observatory bring an important leap forward, thanks to its great improvement in resolution and sensitivity in comparison with previous observatories (de Ugarte Postigo et al. 2012a) .
It is widely accepted that long GRBs are created by the explosive death of massive stars (Hjorth et al. 2003; Woosley & Bloom 2006) , probably rapidly rotating WolfRayets (for a review see, e.g., Crowther 2007) . However, it remains unclear what the specific mechanism in the core collapse process is that triggers the formation of a jet. Given the short life periods of such massive stars and their luminosity, GRB afterglows can be used as powerful tracers of star-forming galaxies over a wide range of redshifts (e.g., Kistler et al. 2009; Robertson & Ellis 2012; Krühler et al. 2015 ; Schulze et al. 2015; Vergani et al. 2015) . To date spec- troscopically confirmed GRB redshifts range from z = 0.0085 (GRB 980425A Tinney et al. 1998; Galama et al. 1998 ) to z = 8.2 (GRB 090423A Tanvir et al. 2009; Salvaterra et al. 2009) , and photometric redshifts have been proposed up to z = 9.4 (GRB 090429B Cucchiara et al. 2011) . Optical/NIR spectroscopy of GRB afterglows can also be used to study the intervening matter present along the line of sight at different distance scales, ranging from regions around the progenitor to distant intervening galaxies. Its strength resides in the extremely bright afterglow, making it possible to measure atomic/molecular transitions in the host galaxy and intervening systems (e.g. D 'Elia et al. 2014) , even when the probed galaxies are not detected by deep direct imaging. It made possible to accurately probe absorption metalliticity out to z ≥ 5 (e.g., Sparre et al. 2014; Hartoog et al. 2015) .
In this paper we present observations of the afterglow and host galaxy of GRB 110715A, aiming at understanding the physical processes involved in the explosion and the environment in which it occurred. Our data includes radio, submillimeter, near-infrared, optical, ultraviolet, and X-ray observations. In Section 2 we introduce the observations available for this event, in Section 3 we explain the results of these observations and discuss the implications, and in Section 4 we present our conclusions.
OBSERVATIONS

Gamma-ray emission
The Swift (Gehrels et al. 2004 ) Burst Alert Telescope (BAT, Barthelmy et al. 2005 ) triggered and located GRB 110715A on 15 July 2011 at T 0 = 13:13:50 UT (Sonbas et al. 2011) . The gamma-ray light curve shows a double-peaked structure with a duration of T 90 = 13.0 ± 4.0 s (90% confidence level) in the observer frame. Therefore we classify GRB 110715A as a long burst.
Analysis of the time-integrated spectrum from KonusWind gave the best fit as a Band function with the following parameters: α 1 = -1.23 (Golenetskii et al. 2011) . GRB 110715A was also detected by INTEGRAL/SPI-ACS, and Suzaku/WAM (see more details in Golenetskii et al. 2011; Sonbas et al. 2011 
X-ray afterglow observations
The X-Ray Telescope (XRT; Burrows et al. 2005) onboard Swift began observing the field 90.9 seconds after the BAT trigger, localizing the X-ray afterglow at RA(J2000) = 15h 50m 44.00s, Dec.(J2000) = -46 • 14 07. 5 with an uncertainty of 1. 4 (90% confidence level; Evans et al. 2011) .
The unabsorbed X-ray afterglow light curve used in this paper has been extracted from the Burst Analyzer 1 (Evans et al. 2007 (Evans et al. , 2009 (Evans et al. , 2010 , which uses the spectral slope to derive the flux densities at an energy of 2 keV and assumes a Hydrogen column density N(H) = 1.6 +0.5 −0.4 × 10 22 cm −2 . These observations are shown in Figure 1 and tabulated in Table  1. 2.3 UV/Optical/NIR afterglow observations GRB 110715A was followed up in UV/Optical/NIR wavelengths with Swift (+UVOT) and the 2.2m MPG telescope 1 http://www.swift.ac.uk/burst_analyser (+GROND). Light curves are shown in Figure 1 and tabulated in Table 1 as well. This burst had a very bright optical counterpart in spite of the high Galactic extinction caused by its location close to the Galactic plane (Evans et al. 2011 ). The GRB afterglow study was affected by the Galactic reddening, initially estimated to be E(B − V) = 0.59 mag according to the dust maps of Schlegel et al. (1998) , and later E(B− V) = 0.52 mag following Schlafly & Finkbeiner (2011) . We adopted the latest value. Computed effective wavelengths and extinction for each band are presented in Table 2 .
UVOT imaging
The Swift Ultra-Violet/Optical Telescope (UVOT; Roming et al. 2005 ) began settled observations of the field of GRB 110715A 100s after the trigger (Breeveld et al. 2011) . The afterglow was detected in the white, u, b and v filters at RA(J2000) = 15h 50m 44.09s, Dec.(J2000) = -46
• 14 06. 5, with a 2σ uncertainty of about 0. 62. For this analysis, we have reduced both image and event mode data grouped with binning ∆t/t ∼ 0.2. Before the count rates were extracted (Schlafly & Finkbeiner 2011) from the event lists, the astrometry was refined following the methodology in Oates et al. (2009) . The photometry was then extracted from the event lists and image files based on the FTOOLs uvotevtlc and uvotmaghist, respectively, using a source aperture centered on the optical position and a background region located in a source-free zone. We used a 3" source aperture to avoid contamination from neighbouring stars and applied aperture corrections to the photometry in order to be compatible with the UVOT calibration (Breeveld et al. 2011 ). The analysis pipeline used software HEADAS 6.10 and UVOT calibration 20111031.
GROND imaging
We obtained follow-up observations of the optical/NIR afterglow of GRB 110715A with the seven-channel imager GROND (Gamma-ray burst optical/near-infrared detector; Greiner et al. 2008 ) mounted on the 2.2m MPG@ESO telescope stationed in La Silla, Chile. The first observations were obtained 2.5 days after the trigger, after losing the first two nights due to weather. This first epoch suffers from very bad seeing, 1. 5 -1. 9 depending on the band, but the optical/NIR afterglow was clearly detected (Updike et al. 2011) . Deeper follow-up under better conditions in three further epochs reveals a faint nearby source which exhibits a stellar PSF. The presence of this source was carefully accounted for during the data analysis. The GROND optical and NIR image reduction and photometry were performed by calling on standard IRAF tasks (Tody 1993 ) using the custom GROND pipeline (Yoldaş et al. 2008) , similar to the procedure described in Krühler et al. (2008) . Hereby, we used SExtractor (Bertin & Arnouts 1996) for background modeling, and bright sources were masked out, which yields improved results in the case of this crowded field. A late epoch was obtained 38 days after the GRB which was supposed to be used for image subtraction purposes, but a positioning error led to the afterglow position being covered only in the NIR frames. Afterglow magnitudes in the optical were measured against comparison stars calibrated to the SDSS catalogue (Aihara et al. 2011) , obtained from observing an SDSS field at similar airmass immediately after the fourth epoch, in photometric conditions. NIR magnitudes were measured against on-chip comparison stars taken from the 2MASS catalogue (Skrutskie et al. 2006) . The results of the photometry are displayed in Table 1 .
Submm afterglow observations
The Atacama pathfinder experiment telescope (APEX) observations began on July 16, 1.42 days after the burst and were performed in the 345 GHz band using the photometric mode of the Large Apex BOlometer CAmera (LABOCA; Siringo et al. 2009 ) under good weather conditions. Data reduction was done using the BoA (1), CRUSH and mini-CRUSH (Kovács 2008) software packages. Using these observations we discovered a bright submm counterpart at 10.4 ± 2.4 mJy (de Ugarte Postigo et al. 2011) .
As a test of the target of opportunity programme, GRB 110715A was also observed with the Atacama Large Millimeter Array (ALMA), yielding a detection with a flux density of 4.9 ± 0.6 mJy at 345 GHz (de Ugarte Postigo et al. 2012a). The ALMA observations began on July 19 at 02:50 UT (3.57 days after the burst), and they were carried out making use of only 7 antennas during 25 mins on source. We present the data in Figure 2 .
In spite of being obtained during a test observation, with almost an order of magnitude fewer antennas than are available with the full observatory, this was the deepest observation carried out to date at 345 GHz of a GRB afterglow (de Ugarte Postigo et al. 2012a ). The ALMA observation also provides the most accurate coordinates available for this GRB. The centroid of the afterglow is located at RA(J2000) = 15h 50m 44.05s and Dec.(J2000) = -46
• 14 06. 5 with a synthesized beam size of 0. 3 × 0. 1 at a position angle of 76 degrees, which provides an astrometric accuracy 0. 02. The differences between the optical and radio reference frames only limit this precision to be 0. 05 (e.g., Johnston & de Vegt 1986). 
Radio afterglow observations
Following the detection of an afterglow at submm wavelengths with APEX (de Ugarte Postigo et al. 2011), radio observations were obtained with the Australia Telescope Compact Array (Wilson et al. 2011 , ATCA) two and three days after the trigger. These observations resulted in further detections of the afterglow at 44 GHz (Hancock et al. 2011 ). This GRB was monitored at 44, 18, 9, and 5 GHz for up to 75 days post-burst, where the flux remained at a sub-mJy level. The lower frequency observations were complicated by the presence of a second source within the field of view (MGPS J155058-461105). The data were reduced using standard procedures in MIRIAD (Sault et al. 1995 ). An additional late-time visit was performed on 12 Aug 2013 at 5.5 GHz and 9 GHz, to understand the possible contribution of the host galaxy, which was found to be negligible at both bands. The flux evolution of the afterglow at the four ATCA frequencies is also shown in Figure 1 and tabulated in Table  1 , together with the rest of the observing bands.
Optical/nIR afterglow spectra
VLT/X-shooter (Vernet et al. 2011) , an optical/nIR intermediate resolution spectrograph mounted at the Very Large Telescope (VLT) Unit Telescope (UT) 2 in Paranal Observatory (Chile), was used to observe the GRB afterglow starting 12.7 hrs after the Swift trigger. The seeing was 0. 9, but observations had to be interrupted due to wind constraints (Piranomonte et al. 2011) . The observing log is shown in Table 3 . We processed the spectra using version 2.0.0 of the X-shooter data reduction pipeline (Goldoni et al. 2006; Modigliani et al. 2010) . As the observations were stopped after one exposure, the standard nodding reduction could not be performed. We thus reduced the single frames of each arm with the following steps: We performed bias subtraction, cosmic ray detection and subtraction (van Dokkum 2001), and flat field division on the raw frames. From these processed frames the sky emission was subtracted using the Kelson (2003) method and 1D spectra were extracted directly order by order from the sky-subtracted and flat-field divided frame using optimal extraction (Horne 1986 ). The resulting spectra were merged weighting them by the errors and the final merged spectra were then averaged in IDL. The spectra were flux calibrated using observations of the standard star LTT7987 taken the same night. The complete X-shooter spectrum is shown in Fig. 3 .
Host galaxy imaging
606 days after the burst, the field of GRB 110715A was revisited using GROND searching for a possible host galaxy contribution. However, the data did not reveal any underlying source. We therefore derive only detection limits. A deeper exposure was obtained on August 2013 with FORS2 at ESO's VLT 751 days after the burst. The observation consisted of 10 × 240 s in I C -band, with a seeing of 0. 55, and data were reduced in a similar fashion as the GROND imaging. An object is detected close to the afterglow position at a magnitude of 26.40 ± 0.36 mag.
RESULTS AND DISCUSSION
The afterglow of GRB 110715A in a global context
Using the UVOT and GROND data, and adding the early R C band observations from Nelson (2011), we construct a composite light curve by shifting all data to the R C band (no evidence for chromatic evolution is found). This light curve extends over almost four decades in time.
Comparing it to the sample of long GRB afterglow light curves taken from Kann et al. (2006 Kann et al. ( , 2010 Kann et al. ( , 2011 , we find that (after correcting for the significant -1.6 magnitudes -foreground extinction) the afterglow is among the brightest ever detected (especially after ∼ 0.3 days, see Fig and GRB 060729 (Cano et al. 2011 ), both at lower redshift (see section 3.2). It becomes fainter than 20th magnitude only after about 4.5 days. Using the GROND data, we find a best fit for the Spectral Energy Distribution (SED) of the afterglow with β = 0.90 ± 0.22, and a small (essentially zero) A V = 0.09±0.18 using SMC dust. With these data and knowledge of the redshift, we use the method of Kann et al. (2006) to shift the afterglow, corrected for all extinction, to z = 1. We find a magnitude shift of dRc = +0.38
−0.32 . At one day after the trigger (in the z = 1 frame), it is R C = 17.97
+0.19
−0.33 , and R C = 13.90 +0.23 −0.35 at 0.001 days. This places the afterglow into the tight peak found by Kann et al. (2010) (their figure 6), which is formed by afterglows which are likely forwardshock dominated at early times already. This does not mean that a reverse shock component is not present. According to Kann et al. (2010) , the early afterglow can be classified as "Limit + Slow Decay" (Kann et al. 2010, their table 5) . In this sense, except for the rebrightenings, the afterglow is seen to be typical.
In Figure 6 , we compare the radio and submm emission of GRB 110715A to the samples of de Ugarte Postigo et al. (2012a) and Chandra & Frail (2012) : in submm, the afterglow peak brightness is among the brightest observed, with similar luminosity as GRB 030329, GRB 100621A or GRB 100418A, but still an order of magnitude less luminous than the highest luminosity events (GRB 980329, GRB 090313, GRB 080129 or GRB 050904). The situation in radio is similar, with GRB 110715A being amongst the brightest events.
At early times the physical size of the GRB afterglow emission region will be small, and thus there is the possibility of interstellar scintillation (ISS) modulating the observed flux of the afterglow, as has been seen previous in GRBs X-shooter spectra. Upper panels are the finding chart (left) and an overview of the complete flux calibrated spectra, corrected for Galactic extinction (right). In the bottom plot, we show the normalised spectra, with 3 panels per arm, starting at top with UVB and followed by VIS and NIR. Each panel includes the 2D image and 1D signal and error spectrum. Telluric absorptions are indicated by black bands above the 1D spectrum, their thickness is a measure of the absorption strength. such as GRB 970508 (Frail et al. 1997) . GRB 970508 was seen to have large (40-50%) fractional modulations in flux at 1.4 and 8.6 GHz for up to two months post burst, after which the intrinsic source size became large enough to break the conditions under which ISS is possible. According to Walker (1998) the transition frequency at the location of GRB 110715A is ∼ 40 GHz, indicating that, when present, scintillation should be strong (m d > 1) below this frequency, and weak (m d < 1) at higher frequencies. The temporal resolution of our observations during the first two weeks after the GRB is low so we are unable to measure scintillation. However, differences between the modelled and observed flux densities seen at 40 GHz in the first 2 weeks post burst are consistent with scintillation.
Spectral absorption lines of the optical afterglow
We detect eight absorption features in the complete Xshooter spectrum that we identify as caused by Fe ii, Mg ii, Mg i, Ca ii, and Ca i at a common redshift of 0.8225 ± 0.0001. For recent Planck cosmological parameters (Ω M = 0.315, Planck et al. 2014 ), this redshift corresponds to a luminosity distance of 5357.86 Mpc.
We have measured the equivalent widths of these lines and limits for several others using the self-developed code used in Fynbo et al. (2009) and de Ugarte Postigo et al. (2012b) . The results are shown in table 4, as well as the composite afterglow spectrum by Christensen et al. (2011) for comparison purposes. Using the prescriptions given by de Ugarte Postigo et al. (2012b) , we find that the neutral element population is higher than average. Detection of Ca iλ4227, a line rarely observed in GRB afterglows (de Ugarte Postigo et al. 2012b) , also supports the low ionisation hypothesis of the material in the line of sight to GRB 110715A.
Following the prescription of de Ugarte Postigo . This is consistent with the fact that there are no velocity components in the absorption features faster than 30 km s −1 .
The host galaxy
We computed the distance between the afterglow and the host galaxy core. The centroid is offset by 0.21 ± 0.03 with respect to the ALMA position, which at the redshift of GRB 110715A corresponds to 1.56 ± 0.19 kpc. This is comparable to the typical offset of 1.2 kpc seen for long GRBs (Bloom et al. 2002; de Ugarte Postigo et al. 2012b ). The host absolute magnitude (AB) would be M = -18.2 mag at a restframe wavelength of 4200Å, which is similar to the Johnson B-band (without needing to make assumptions on the host galaxy spectral index). The luminosity of the host galaxy is low, even relative to other GRB hosts (which tend to occur in lower-mass and lower-luminosity galaxies than average at z 1.5; e.g. Perley et al. 2016a ), although it is by no means extreme or exceptional. For example, relative to the UV luminosity distribution of nine galaxies at roughly similar redshift (0.5 < z < 1.1) in the TOUGH sample (Schulze et al. 2015) , this host galaxy is less luminous than six or more, depending on the unknown k-correction across the Balmer break which is not known for the TOUGH sample. We also compared this magnitude to synthetic B-band magnitudes of galaxies from the larger, multi-colour SHOALS sample (Perley et al. 2016b, and work in prep.) . The host of GRB 110715A is about 0.6 mag less luminous than the median B magnitude of 0.5 < z < 1.1 galaxies in this sample, and is more luminous than only five out of these 21 galaxies. Compared to a more local galaxy popula- Figure 5 . The observed R C -band afterglow of GRB 110715A in comparison to a large sample of long GRB afterglows (left). After correction for the significant foreground extinction, it is seen to be one of the brightest afterglows ever observed. After correcting for rest-frame extinction and shifting to z = 1 (right), the afterglow of GRB 110715A is more common, although it remains among the more luminous detected to date at late times. Chandra & Frail (2012) tion, it is slightly more luminous than the LMC (M B ∼ −17.5) but of course much less luminous than nearby spirals such as the Milky Way or M31 (M B ∼ −20.5 to −21). This faint host galaxy is consistent with the faint and unresolved absorption features seen in the afterglow spectrum. Considering also its very low ionisation environment, all evidence suggest that the sight-line towards GRB 110715A is probing an small dwarf host galaxy, maybe in its initial star-forming episode due to the low background ionising radiation, which keeps an unusual abundance of Ca i.
Modeling of the afterglow evolution
Model and fitting description
The afterglow emission was modeled with the numerical code of Jóhannesson et al. (2006) (Thöne et al. 2010) , and GRB 050525A (Resmi et al. 2012) . This model assumes the emission originates in a forward shock only, with a top-hat jet configuration. The algorithm simulates that a slab of matter with mass M 0 is ejected with a Lorentz factor of Γ 0 into a cone with a half-opening angle of θ 0 . The slab starts accumulating matter and slows down in the process. Energy injections (E i ) at a time t i are modelled as slabs of matter moving at lower speeds than the forward shock (Γ i < Γ 0 ) and catching up to it at later times. At the time of collision, the energy and momentum of the forward shock of the injected slab is instantaneously added to the already moving mass. The emission from any reverse shock formed in the collision is ignored. To calculate the emission, we assume that a fixed fraction of the energy of the forward shock is 
Gaussian (c) (a) t 1 is the time in the observer's frame at which the energy injection catches up with the forward shock.
(b) E 1 is the energy of the injection and E 0 is the initial energy release.
(c) µ = 0.56, σ = 0.04 contained in the magnetic field and electron distribution of the forward shock. For the magnetic field, this fraction is denoted with B . In Jóhannesson et al. (2006) , the fraction of energy contained in the electrons was denoted with e . This is now changed, to allow for the slope of the electron power-law distribution, p, to be less than 2. We used the formalism of Panaitescu & Kumar (2001) and denote with i the fraction of energy contained in the electrons with the lowest energy in the distribution. The highest energy in the distribution is then limited such that the total energy of the electron distribution never exceeds a fraction e of the forward shock energy.
To explain the data, we need a model that includes a temporary increase in flux around 0.3 days after the onset of the GRB that is observed in the light curves shown in Figure 1 . We chose three different types of models that we expect have this behaviour: a model with a constant density interstellar medium (n 0 ) and a single energy injection (CM), a model with a wind density external medium (ρ = A * r −2 ) and a single energy injection (WM), and a model with a wind termination shock (with fractional change in density at the shock front denoted by r sh ) but no energy injection (TS).
The best fit model parameters are found using Bayesian inference using the MultiNest tool (Feroz et al. 2009 ). MultiNest is well suited for exploring the parameter space of the non-linear afterglow model and finds parameter correlation as well as all modes in the parameter space fitting the data similarly well. In addition to the afterglow model parameters, we also determine the host dust extinction in the fit, which we assume follows an SMC-like extinction curve. It is also possible to let the Galactic dust extinction vary as a nuisance parameter. This is of special interest in our case due to the large and uncertain value along the GRB line of sight through our Galaxy.
One of the main benefits of a Bayesian analysis is the introduction of prior distributions on parameters. For this analysis we have unfortunately very little prior knowledge on their values. We therefore opted for flat priors on all parameters, but Galactic reddening, and made sure the parameter limits were large enough so that the posterior is not affected by these limits unless they are physical (see Table 5 ). Examples of such physical boundaries are the requirements that the extinction of the host be positive (A V,host > 0) and the fractional change in density at the shock front should not decrease (r sh > 1). We also constrain the fraction of energy in the electrons ( e ) and magnetic field ( B ) such that the fraction of energy contained in the rest of the jet, = 1 − e − B , is larger than both e and B . This is to make sure the jet's energy is not dominated by that of the electrons and the magnetic field. The constraint is not hard and is usually somewhere in between e and B if both are large like in this analysis. There is also the hard prior that e > 1.1 i so the energy in the total electron distribution is always at least 10 percent greater than that contained in the electrons with the lowest value. This constraint is actually reached in all of our models, resulting in a strong correlation between e and i (see Fig. 11 ).
Due to several reasons, such as the high Galactic reddening, the wavelength range on which H i absorption is located, and the difficulties to compute the effective wavelength of the UVOT white filter due to its band width, we performed different fits in order to identify and quantify the sources of systematic uncertainties. We excluded the upper limits from the UV filters of UVOT as well as observations using its u-band filter because of the uncertainty on the Galactic dust extinction (none of the models are able to accurately reproduce those data points, either when included in the fit or not). Below we discuss the best fit results that were obtained, and refer the interested reader to the material contained in the Appendix A and online material for the result details of the complete set of Bayesian fits.
The best fit
We found the best fit models to be those in which we excluded the UV bands, we set MW extinction as a nuisance parameter, and the UVOT white band was shifted to V (see Table A1 for a detailed statistical analysis of the results for the complete grid of fits). This table suggests the TS fit as the most plausible model that describes the afterglow. However, none of them is either a statistically good fit or can fully explain the temporary flux increase at ∼0.3 days. We can also observe that there are no statistical arguments to reject most of the fits when compared with the best. Fit results are shown overlaid on the data in Figures 8 (light curves) and 9 (spectral energy distributions).
The time of the wind termination shock for the best TS model agrees very well with the time of the flux increase in the light curve. The density increases by a factor of 8.3 at that time, more than 2 times the expected density increase for strong shocks. Despite this, the effect on the light curves is not strong enough to explain the data. Due to the spectral parameters required in the fit, the wind termination shock causes a flux decrease rather than an increase as the cooling break is just below the optical band. The slow decay in the early X-ray light curve in the model is caused by the injection break being above the X-ray frequency. This requires there to be a spectral evolution in the X-ray light curve that is not observed. In both cases the preferred location of the energy injection is at a different point than expected. For the best fit of the CM model it is much later and serves only to explain the latest radio points while for the WM model it happens very early to explain the shallower decay between 0.01 and 1 days. The best model also has a hard time explaining the rapid decline in the light curve observed by the GROND instrument. The earliest points are underpredicted while the later points are over-predicted. This is again something that all the models fail to reproduce. The CM model does a slightly better job, but the WM model is worst. The models have a similarly hard time at explaining the late time X-ray light curve as they don't decay rapidly enough. Figure 10 compares the evolution of the photon index of our best fit models to that found from XRT data analysis. The CM and TS models do a reasonable job of explaining the X-ray spectral evolution with the exception of the first time bin where the models are harder than observed. The WM model agrees with the first time bin but is then too soft for the next two bins.
Finally, the best model is unable to explain the early and late radio and submm data. The model has a hard time explaining the rapid rise of the 44 GHz data simultaneously with the decay of the 345 GHz data and the rather flat light curve at 5.5 GHz. The self-absorption break, ν a , needs to pass through the 44 GHz band at around 2 days to explain the rapid increase and it should have already passed the 345 GHz band at 1 day and the 5.5 GHz band at 2 days. It is impossible for the model to meet these criteria. In addition, the 44 GHz light curve starts decaying at around 10 days with a slope that is incompatible with post jet-break evolution and at the same time the 18 GHz band is compatible with being nearly constant. The CM model has similar issues as the TS model although it does slightly better at late times because the injection lifts the radio light curve to match the last points. There is, however, no other indication for the energy injection and it is unlikely to be the correct physical interpretation. The WM model does the best job with the submm and radio data, but is still far from explaining the details of the observed afterglow. Table 6 shows the best fit model posterior median for the parameter values and their associated 68% statistical errors. Figure 10 shows a plot comparing the resulting distributions of the models for the best data subset. The parameter values that give the smallest χ 2 are usually located near the peak of the posterior distributions, and their distributions are mostly symmetric, with notable exceptions in the WM model where long tails can be seen for E iso , Γ 0 , and θ 0 . The inferred values are mostly typical for a GRB afterglow with a few exceptions. The half opening angle θ 0 in the WM model is unreasonably low and requires an extreme confinement of the outflow. It is also the worst performer of the 3 models and we therefore consider it an unreasonable model. The value of the electron power-law index p is on the lower side and lower than expected from shock-acceleration theory (Achterberg et al. 2001) . It is, however, well within the range of values deduced from observations of relativistic shocks (Shen et al. 2006) . The fraction of energy contained in the magnetic field and the electron distribution, B , and e , respectively is rather large. i is also larger than usual and constrained mostly by the equipartition requirements for the electron energy distribution rather than the position of the injection peak in the synchrotron spectrum. These large values cause the afterglow to be in the fast-cooling regime for the entire duration of the afterglow and the assumption of no radiative losses is likely invalid.
Our values for the host extinction are compatible with the value being very small as found earlier using GROND data only. The statistical error is significantly smaller because we use the entire data-set, but the exact value is model dependent. As already discussed, the Galactic line of sight extinction is important in the GRB direction. The expected uncertainty could be large too, so similarly to the host galaxy, the Galactic E(B − V) was left in some fits as a free parameter. Resulting Galactic and host galaxy solutions show a clear anti-correlation, limiting our constraints of the inferred host galaxy A V,host . In Figure 11 we include the two dimensional marginal plots for the E(B − V) of the Galactic extinction with the rest of the parameters when it is included in the fit. As shown in Appendix A, the galactic E(B − V) value is model dependent, and results are somewhat bimodal, sometimes consistent with the dust maps of Schlegel et al. (1998) , and sometimes with Schlafly & Finkbeiner (2011) , the latter being the more favoured. The figures also show that the upper value found for the E(B − V) parameter in this analysis is basically bound by the host extinction going to 0.
We also discuss in Appendix A the hypothesis that the reverse shock (RS) contribution has to be taken into account (e.g., Jelínek et al. 2006; Laskar et al. 2013) , as well as the possibility that a double jet model (e.g. Starling et al. 2005; Racusin et al. 2008; Filgas et al. 2011; van der Horst et al. 2014 ) is necessary to explain this afterglow. The conclusion is that, in spite of them possibly being present, none of the options can improve the fit starting at 0.5 days after the trigger, so other considerations must be taken into account to improve the fits we performed. . Best fits to the SED for GRB 110715A observed at several epochs. The full set of plots for each data subset is available in the online version.
CONCLUSIONS
We present an extensive follow-up of the afterglow of GRB 110715A in 17 bands ranging from a few seconds up to 74 days after the trigger. The line of sight is affected by strong foreground Galactic extinction, which complicated the follow-up and the analysis of the data. GRB 110715A had a very bright afterglow at all wavelengths, although its intrinsic luminosity is not exceptional.
Optical/nIR spectroscopy obtained with X-shooter shows weak absorption features at a redshift of z = 0.8224 with no resolved velocity components ( 30 km s −1 ). Absorption line ratios indicate a low ionization environment, confirmed by the rare detection of Ca i.
Deep late imaging reveals a faint host galaxy with an absolute magnitude of M B = -18.2. This is consistent with the weak absorption features detected in the spectrum. We attempted to model the broadband data with a fireball model based on the prescription of Jóhannesson et al. (2006) . The best model implies a forward shock evolving through a wind environment with a termination shock. In spite of describing roughly the behavior of the afterglow, none of the models is able to get a statistically acceptable fit. This shows the need for better broadband sampling and more complex models to accurately describe the physics of GRB afterglows. There are several works that explore other possibilities, such as magneto-hydrodynamic simulations (van Eerten et al. 2012) , which was satisfactorily used, e.g., in Guidorzi et al. (2014) ; Ryan et al. (2015) ; Zhang et al. (2015) , or central engine activities (Zhang et al. 2014 ). These and other effects might be considered together in future works to get a more accurate view of the GRB afterglow physics.
Radio and sub-mm, along with X-ray observations, have been proven to be the most constraining bands for the afterglow modeling. We were limited by sensitivity for a long time in the crucial wavelength range of sub-mm, but now that ALMA is available, we have a good chance of getting high-quality data for a larger number of GRBs. This new, current and future facilities will allow us to probe the emission mechanisms in greater detail than previously possible, and will be determinant in the evolution of the GRB afterglow models. Figure 10 . Posterior distributions of the three models for the best fit data subset. In all marginal plots, CM is represented in green, TS in red, and WM in blue. The full set of plots for each set is available in the online version.
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APPENDIX A: GLOBAL VIEW OF ALL PERFORMED FITS
The goodness of the complete grid of fits are summarised in Table A1 . This grid consists of different cuts in wavelength and time in order to get useful additional information that clarifies some details of the physical nature of the afterglow and systematic uncertainties.
To test the constraining power of each wavelength range, we split the data into three subsets: X-rays, [UV/]optical/nIR 2 , and submm/mm. These were then fitted individually and also in sets of two.
We found that the optical light curves were best fit with the TS and WM model, where the early steep decay and the bump at around 0.3 days is easily explained. The TS model was slightly better, mostly due to a better fit to the early white+v band data. The TS model also does a better job of predicting the XRT and radio data while the WM model is orders of magnitude off. The CM model does not do as well with the optical data, a large energy injection in combination with a low value for p does a reasonable job at explaining the late light curves, but the early white+v band data is not explained. The CM model also fares better with predicting the XRT and radio/sub-mm data, although it is obviously not able to reproduce them completely.
The fit to the radio data is less discriminating, the WM models are better than both the TS and CM models, but only marginally. The parameters for the WM and TS models are very similar and the energy injection and wind termination shock both happen at late times to improve the fit to the late radio points. The CM model stands out from the group with the energy injection happening at early times and is therefore the worst offender at late times. The CM model, however, is best at predicting the optical and X-ray data and roughly goes through the late time optical/nIR curves and the XRT curves. The WM and TS model under-predict those same data, with the WM model being the worst offender. Early observations would helped in constraining better modeled light curves.
No attempt was made at fitting the XRT light curve only, but when we add it to the mix with either the optical/NIR or the radio/sub-mm data things change considerably. For the former set it is now the TS model that is best, trailed by the CM and then the WM model. None of the models now explain the bump in the optical light curves, but at least the TS model explains the wiggles in the XRT light curve. The early white+v optical data are also not explained. In this case, the TS and WM models do a fairly good job of predicting the radio/sub-mm data, but the CM model is way off. For the latter set of XRT and radio/sub-mm we get a pretty consistent picture of the three models. The TS model is best, trailed by the CM model and finally the WM model like for the entire set. The resulting parameter distributions are actually fairly close to the results of the entire dataset, indicating that the additional information from the optical data does not constrain the model much. All of the models actually predict the optical data reasonably well and the full fit gives only small visible changes. This means that the large spectral lever arm added to the very fine temporal Our final combination is the UV/radio/sub-mm and optical/NIR data together. Here the CM model shows the best fit, which fairs similarly to the WM, and significantly better fit than TS model. None of them is able to explain the bump in optical, but the early optical and early radio/submm data is well explained by the TS model. All of the models approximately predict the XRT light curve but with some offset in the temporal behaviour. There is therefore little additional constraining power in the spectral information from the XRT data, but mostly from the very detailed time behavior.
In conclusion, it seems that the fine sampling in the XRT light curve with the large spectral lever arm of the radio and sub-mm data is the most constraining data for the models. We also note that the inferred physical conditions can vary up to few orders of magnitude depending on the model and the wavelength ranges considered. Therefore, observational sampling is fundamental in order to discriminate different models and constrain its physical parameters.
To reduce the bias from the early UVOT white+v band points that can be caused by a reverse shock (RS; e.g., Jelínek et al. 2006) , we redo the analysis with all optical points before 0.005 days turned into upper limits. We note that a RS can also contribute at later times in sub-mm and mm bands, (e.g., Laskar et al. 2013; Perley et al. 2014) . However, it is not needed to include them for the qualitative overview we want to give. The parameters of the models are mostly unchanged with this exclusions of the data. A notable exception are the values of e , i , and B . B is reduced significantly while both e and i increase. This affects the determined host extinction which is now determined to be twice as large. The models are still unable to reproduce the data and most of the comments still apply. The contribution of a reverse shock may help to explain the early evolution in the white filter and the early sub-mm (and maybe mm) light curves, but will not help with the rest of the data. Thus the early white band data is not the driving cause for the models not being able to reproduce the bump.
One possibility that has often been proposed to model complex GRB light curves is the double jet model (e.g. Starling et al. 2005; Racusin et al. 2008; Filgas et al. 2011; van der Horst et al. 2014) , the early light curve being dominated by a fast moving narrow jet while a slow moving wide jet dominates at late time. This can be considered the simplest model for a two dimensional jet. To test if this is the case here, we fit the data after 0.5 days only, turning all other points into upper limits. The TS model is still the best model in this case and it is mostly able to explain the optical and X-ray bump at 0.3 days, but all the other considerations still apply and the radio/sub-mm data is still poorly modelled. We therefore conclude that a double jet model is not appropriate for this case. This paper has been typeset from a T E X/L A T E X file prepared by the author.
